RANKL regulates Fas expression and Fas-mediated apoptosis in osteoclasts.
Osteoclast apoptosis is an influential determinant of osteoclast bone-resorbing activity. RANKL, a critical factor for osteoclastogenesis, is also important in osteoclast survival. However, the mechanisms by which RANKL prevents osteoclast apoptosis remain largely unknown. Fas, a death receptor, mediates apoptosis in multiple types of cells including osteoclasts. Here we report that RANKL acts as a survival factor in osteoclasts by downregulating Fas-mediated apoptosis and Fas expression in mature osteoclasts. RAW264.7 and mouse bone marrow macrophage/monocyte progenitors and progenitor-derived osteoclasts, in the presence of various concentrations of RANKL, were used in this study. Western blotting, semiquantitative RT-PCR, flow cytometry, nuclear staining, and a fluorescent caspase-3 activity assay were used to assess the effect of RANKL on Fas expression and Fas-mediated apoptosis. The involvement of NF-kappaB in the regulation of Fas by RANKL was analyzed by luciferase assay and EMSA. Mature osteoclasts generated in the presence of a high concentration of RANKL (3.33 nM) failed to respond to Fas-induced apoptosis. The lack of responsiveness in mature osteoclasts is caused by the low level of Fas expression, as detected by both semiquantitative PCR and Western blotting. Fas protein and mRNA expression are inhibited by RANKL in concentration-dependent manners. The downregulation of Fas expression by RANKL is not because of modulation of the stability of Fas protein or mRNA. The regulation of Fas expression by RANKL is biphasic. During the early stage of osteoclastogenesis (1 day) when Fas is expressed at a very low level, RANKL upregulates Fas promoter activity by 2.4 +/- 0.1-fold in a concentration-dependent manner and increases Fas mRNA and protein. This event correlates with regulation of the binding activity of NF-kappaB to the Fas promoter by RANKL, as detected by EMSA. In osteoclast precursors, the induction of Fas promoter activity by RANKL was dramatically reduced when NF-kappaB binding sites on the Fas promoter were mutated. RANKL upregulates Fas expression in osteoclast progenitors through NF-kappaB, making osteoclasts targets of Fas-stimulated apoptosis. In differentiated mature osteoclasts, RANKL reduces the levels of Fas expression and Fas-mediated apoptosis, acting as a survival factor.